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A reformed polypropylene resin composition obtainable by heat-treating a blend comprising 

(D) 0.01 to 0.2 parts by weight of an organic peroxide, and 

(E) 0.05 to 1 part by weight of a crosslinking assistant, 
per 100 parts by weight of a total of 

(A) 50 to 90 parts by weight of a polypropylene having a melt flow rate of from 10 to 70 g/10 min. at 
230 C, 

(B) 0 to 25 parts by weight of an olefin copolymer rubber, and 

t?i: 5 to 40 parts bv wej 9 ht of an inorganic filler, the reformed polypropylene resin composition 
exhibiting a melt flow rate (X) at 230°C of from 50 to 150 g/10 min., and an Izod impact strength (Y kq 
cm/cm) that lies within the range y v ' y * 

Ys -4.7878 log X + 13.8829. 
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BACKGROUND OF THE INVENTION 
(Field of the Invention) 

The present invention relates to a reformed polypropylene resin composition, a method of producing the 
same a mold-stamping material composed of the reformed resin composition, and injection-molded articles 
thereof More specifically, the invention relates a reformed polypropylene resin composition having high flu- 
idity, excellent impact strength and rigidity, a method of producing the same, a mold-stamping material com- 
posed of the reformed resin composition and injection-molded articles thereof. 

(Description of the Prior Art) 

In the field of automotive parts, it is becoming essential to reduce the weight to cope with environmental 
problems on a global scale. In particular, the base resins for producing thin and light-weight products by such 
a molding method as mold-stamping or the like, must have high degree of fluidity, high degree of rigidity and 
excellent impact strength property. 

To meet such requirements, a lot of improvements have been . accomplished and a variety of polyolefin 
resin compositions have been developed. For instance, a polyolefin resin composition having improved fluidity 
is obtained by heat-treating a polyolefin resin while adding an organic peroxide thereto. However, the thus ob- 
tained polyolefin resin has problems in that it has small rigidity and low impact strength property. 

Japanese Laid-Open Patent Publication Nos. 42448/1985 and 233047/1 986 disclose polypropylene resin 
compositions having high degree of fluidity, excellent rigidity and impact strength property at low temperatures 
that are obtained by blending a crystalline ethylene/propylene block copolymer with an ethylene/propylene co- 
polymer rubber, an inorganic filler and an organic peroxide, and heat-treating them at 170 to 280 °C . 

When the polypropylene resin composition is processed as described above, however, the crystalline ethy- 
lene/propylene block copolymer undergoes the decomposition. Therefore, though the fluidity increases, the 
rigidity and the impact strength property are not sufficiently improved. 

SUMMARY OF THE INVENTION 

In order to solve the above-mentioned problems, the object of the present invention is to provide a reformed 
polypropylene resin composition having high degree of fluidity and excellent rigidity and impact strength prop- 
erty, as well as a method of producing the same. 

Another object of the present invention is to provide a mold-stamping material which can be easily molded 
by the mold-stamping method making it possible to obtain molded articles having a reduced thickness yet main- 
taining excellent strength. . . 

A further object of the present invention is to provide injection-molded articles molded by the injection- 
molding method and having a reduced thickness yet maintaining excellent strength. 

According to the present invention, there is provided a reformed polypropylene resin composition obtained 
by heat-treating a polypropylene resin composition in which are blended 

(D) 0.01 to 0.2 parts by weight of an organic peroxide, and 

(E) 0.05 to 1 part by weight of a crosslinking assistant per 100 parts by weight of a total of 

(A) 50 to 90 parts by weight of a polypropylene having a melt flow rate of from 10 to 70 g/10 min. at 230 
°C. 

(B) 0 to 25 parts by weight of an olefin copolymer rubber, and 

(C) 5 to 40 parts by weight of an inorganic filler, the reformed polypropylene resin composition exhibiting 
a melt flow rate at 230 °C of from 50 to 150 g/10 min., and establishing a relationship between the melt 
flow rate (X) and the Izod impact strength (Y) that lies within a range satisfying the following formula (1), 

-4.7878 log X + 13.8829 (1) 
> and, more preferably, satisfying the following formulas (2) and (3), 

Y^ -4.7878 log X + 14.3329 (2) 
Y ^ - 4.7878 log X + 16.8829 (3) 
According to the present invention, furthermore, there is provided a method of producing a reformed poly- 
propylene resin composition comprising melt-kneading a polypropylene resin composition in which are blended 
5 (D) 0.01 to 0.2 parts by weight of an organic peroxide, and 

(E) 0.05 to 1 part by weight of a crosslinking assistant, per 100 parts by weight of a total of 

(A) 50 to 90 parts by weight of a polypropylene having a melt flow rate of from 10 to 70 g/10 min. at 
230 °C , 
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(B) 0 to 25 parts by weight of an olefin copolymer rubber, and 

(C) 5 to 40 parts by weight of an inorganic filler, by using a biaxial extruder maintaining a temperature 
of from 120 to 200 °C and, particularly, from 140 to 160 °C in the preceding stage of the screw and 
maintaining a temperature of from 180 to 280 °C and, particularly, from 200 to 260 °C in the succeeding 
stage of the screw, and setting the temperature in the succeeding stage to be higher than that of the 
preceding stage. 

According to the present invention, there is further provided a mold-stamping material comprising the 
above-mentioned reformed polypropylene resin composition. 

According to the present invention, there is further provided injection-molded articles obtained by injection- 
molding the above-mentioned reformed polypropylene resin composition. 

BRIEF DESCRIPTION OF THE DRAWING 

The accompanying drawing is a graph plotting relationships between the meltf low rate and the Izod impact 
strength using reformed polypropylene resin compositions of the present invention and polypropylene compo- 
sitions of Comparative Examples that will be mentioned later. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the present invention, the melt flow rate (MFR) is measured in compliance with ASTM D 1238 (230 °C 
under a load of 2160 g). The Izod impact strength is measured with notch in compliance with ASTM D-628. 

According to the present invention, a reformed polypropylene resin composition is obtained by heat- 
treating a composition comprising a polypropylene, an olefin copolymer rubber and an inorganic filler in the 
presence of an organic peroxide and a crosslinking assistant, and has a distinguished feature in that the Izod 
impact strength is conspicuously improved when compared on the basis of the same melt flow rate. Besides, 
a great technical meaning resides in that this advantage is accomplished with a composition which contains a 
polypropylene as a major component 

In the olefin elastomers, in general, the melt flow rate and the Izod impact strength establish such a rela- 
tionship that the Izod impact strength increases with a decrease in the melt flow rate. As for a predetermined 
starting resin, the logarithmic value of the melt flow rate and the impact strength establish a linear relationship 
of a negative gradient as shown in the accompanying drawing. 

Therefore, if it is attempted to increase the impact strength of the elastomer, the melt flow rate of the elas- 
tomer is forced to assume a small value, whereby the fluidity and machinability of the elastomer are impaired 
making it difficult to accomplish both high impact strength and melt fluidity. 

According to the present invention, the relationship between the impact strength and the melt flow rate is 
established at a level which is quite different from that of the conventional elastomer, i.e., the impact strength 
is maintained at a high level as compared based on the same melt flow rate and, thus, a large impact strength 
and an excellent melt fluidity are both accomplished. It is further allowed to improve mechanical properties 
such as modulus of elasticity and elongation. Besides, use is made of chiefly a polypropylene that is cheaply 
and easily available without using an expensive olefin copolymer rubber or using an expensive olefin copoly- 
mer rubber in only a small amount, making it possible to decrease the cost of manufacturing the elastomer. 

In preparing the reformed polypropylene resin composition of the present invention, it is important to use 
a particular amount of an organic peroxide and a particular amount of a crosslinking assistant in combination 
from the standpoint of improving the impact strength. 

In preparing the reformed polypropylene resin composition, furthermore, it is important that the melt- 
kneading in the preceding stage is effected at a relatively low temperature and the melt-kneading in the suc- 
ceeding stage is effected at a relatively high temperature, and whereby a relatively low melt flow rate and a 
relatively large impact strength are imparted in combination. The reason is attributed to that by effecting the 
melt-kneading in the preceding stage at a low temperature, olefin copolymer rubber is finely dispersed in the 
polypropylene phase and by effecting the heat-treatment in the succeeding stage at a high temperature, the 
molecular weight of the polypropylene is lowered and the crosslinking takes place between the polypropylene 
and the olefin copolymer rubber, though this is not to impose any limitation on the present invention. 

In the starting composition used in the present invention, it is particularly desired to blend 0.02 to 0.1 parts 
by weight of an organic peroxide (D) and 0.1 to 0.6 parts by weight of a crosslinking assistant (E) per 100 parts 
by weight of a total of 60 to 80 parts by weight of a polypropylene (A), 5 to 1 5 parts by weight of an olefin co- 
polymer rubber (B) and 10 to 30 parts by weight of an inorganic filler (C). 

The polypropylene (A) used in the present invention has an MFR of 10 to 70 g/10 min. and, preferably, 20 
to 60 g/10 min. Though there is no particular limitation on the kind of the polypropylene, excellent rigidity is 
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with other components of wide ranges. 

The reformed polypropylene resin composition of the present invention may contain other components 
such as coloring agent, heat stabilizer, anti-aging agent, and the like components. 

The reformed polypropylene resin composition of the present invention is obtained by heat-treating the 
composition that contains the above-mentioned components, and exhibits the MFR over a range of 50 to 1 50 
g/10 mm. and preferably, 70 to 120 g/10 min. and establishes a relationship between the Izod impact strength 
and the MFR satisfying the above-mentioned formula (1) and. particularly, the above-mentioned formulas (2) 
and (3). The reforming effect is obtained provided the MFR is from 50 to 150 g/10 min. and further improved 
reforming effect is obtained provided the MFR is from 70 to 120 g/10 min. 

The heat-treatment is carried out by melt-kneading the polypropylene resin composition by using a biaxial 
extruder maintaining a temperature of 120 to 200 °C and. preferably. 140 to 160 °C in the preceding stage of 
the screw and a temperature of 1 80 to 270 °C and. preferably 200 to 260 °C in the succeeding stage, and setting 
the temperature in the succeeding stage to be higher than the temperature in the preceding stage 

According to the method of the present invention, the polypropylene resin composition containing the 
above-mentioned components (A) to (E) and, as required, other components is reformed by being melt- 
kneaded using the biaxial extruder maintaining a temperature of 120 to 200 °C and, preferably, 140 to 160 °C 
in the preceding stage of the screw and a temperature of 180 to 270 °C and, preferably 200 to 260 °C in the 
succeeding stage, and setting the temperature in the succeeding stage to be higher than the temperature in 
the preceding stage. In this case, the melt-kneading is so effected that the polypropylene resin composition 
after reformed exhibits the MFR of 50 to 1 50 g/1 0 min. and, preferably, 70 to 120 g/10 min. and establishes a 
relationship between the Izod impact strength and the MFR that satisfies the above-mentioned formula (1) 
and, particularly, the above-mentioned formulas (2) and (3). 

When the temperature in the preceding stage of the screw is not higher than 1 20 'C , the resin is not melted 
sufficiently and when the temperature exceeds 200 °C , the polypropylene (A), the olefin copolymer rubber 
<B) and the inorganic filler (C) are not kneaded to a sufficient degree. When the temperature in the succeeding 
stage of the screw is not higher than 180 °C , the organic peroxide does not completely dissolve and when the 
temperature exceeds 270 "C , the decomposition reaction takes place preferentially to impair the properties 
By setting the above-mentioned temperature conditions, the above-mentioned inconvenience is avoided and 
a reformed polyolef in resin composition is obtained having high degree of fluidity and excellent rigidity and 
impact strength. By melt-kneading the polypropylene resin composition under the above-mentioned desired 
temperature conditions, it is allowed to obtain a reformed polypropylene resin composition which exhibits more 
stable and reformed properties. 

It is desired that the components have been dry-blended in advance before being melt-kneaded by using 
the biaxial extruder. The resin composition of before being reformed exhibits the MFR of 3 to 70 g/10 min. and 
preferably. 8 to 60 g/1 0 min. Furthermore, the specific energy of the biaxial extruder is from 0.1 to 0 5 kWh/ka 
and, preferably, from 0.1 to 0.3 kWh/kg. 

Being thus reformed, the polypropylene resin composition exhibits improved fluidity and rigidity without 
losing impact strength. There is thus obtained the reformed polypropylene resin composition having high de- 
gree of fluidity and excellent rigidity and impact strength. Though the reason is not obvious, it is presumed 
that by effecting the melt-kneading in the preceding stage at a temperature of 120 to 200 °C the olefin co- 
polymer rubber (B) is finely dispersed in the polypropylene phase (A) and by effecting the heat-treatment in 
the succeeding stage at 1 80 to 270 °C . the molecular weight of the polypropylene (A) is lowered and the cross- 
linking takes place between the polypropylene (A) and the olefin copolymer rubber(B). 

The reformed polypropylene resin composition of the present invention has a high degree of fluidity as 
well as excellent rigidity and impact strength, and is suited for use as a material for being mold-stamped by 
the mold-stamping method in the applications where it is required to reduce the thickness and weight Con- 
cretely speaking, the examples include automotive parts such as door trims, instrument panels, rear packages 
seat-back garnish, etc. Furthermore, the molded articles can be easily obtained by the molding method such 
as injection-molding. 

According to the present invention, the mold-stamping material is composed of the reformed polypropylene 
resin composition and serves as a base material for being molded by the mold-stamping method. The refoimed 
polypropylene resin composition of the present invention has a high degree of fluidity and can be used as a 
matenal for being mold-stamped in the fields where it is required to reduce the thickness and weight Such a 
material can be used as a base material for being mold-stamped, and makes it possible to obtain final products 
having reduced thickness, excellent rigidity and excellent impact strength. Concrete examples of the molded 
articles are automotive parts as described above. 

The injection-molded articles of the present invention are obtained by injection-molding the reformed poly- 
propylene resin composition of the present invention. Because of its high degree of fluidity, the reformed poly- 
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propylene resin composition of the present invention can be charged up to fine portions of the injection mold. 
Therefore, the injection-molded articles thus obtained exhibit excellent rigidity and impact strength despite of 
their reduced thicknesses. 

The reformed polypropylene resin composition of the present invention is obtained by heat-treating a par- 
5 ticular polypropylene resin composition, exhibits high degree of fluidity, excellent rigidity and impact strength, 
and makes it possible to obtain molded articles having reduced thickness and reduced weight. 

According to the preparation method of the present invention, a particular polypropylene resin composition 
is blended with an organic peroxide and a crosslinking agent, and the mixture is melt-kneaded using a biaxial 
extruder under particular temperature conditions. It is therefore allowed to easily and efficiently produce the 
10 reformed polyolef in resin composition having high degree of fluidity and excellent rigidity and impact strength. 

The mold-stamping material of the present invention comprises the above-mentioned reformed polypro- 
pylene resin composition and can be molded by the mold-stamping method to obtain molded articles having 
reduced thickness, reduced weight and excellent strength. 

The injection-molded articles of the present invention comprise the above-mentioned reformed polypro- 
15 pylene resin composition, and have reduced thickness, reduced weight, excellent rigidity and excellent impact 
strength. 

EXAMPLES 

20 Examples of the present invention will now be described below. 

(Examples 1 to 5 and Comparative Examples 1 to 4) 

70 Parts by weight of a homopolypropylene (MFR = 50 g/10 min.) as a polypropylene, 15 parts by weight 
25 of a propylene/ethylene copolymer rubber (MFR = 0.5 g/10 min.) as an olefin copolymer rubber, and 15 parts 
by weight of a talc as an inorganic filler were mixed together. Moreover, a 2,5-dimethyl-2,5-di(t-butyl per- 
oxy)hexyne-3 was used as an organic peroxide, a divinyl benzene was used as a crosslinking assistant, and 
the reformed polypropylene resin composition was prepared in a manner as described below. 

The organic peroxide and the crosslinking assistant were dry- blended in amounts as shown in Table 1 with 
30 respect to 100 parts by weight of a total of the homopolypropylene, the olefin copolymer rubber and the inor- 
ganic filler. By using a biaxial extruder (TEM manufactured by Toshiba Co., cylinder diameter = 53 mm, L/D = 
45, number of revolutions of the screw = 250 rpm, specific energy = 0.16 to 0.25 kWh/kg, amount of extrusion 
= 45 kg/hr), the mixture was melt-kneaded under the conditions of temperatures (140 °C , 140 °C , 140 °C at 
three places) in the preceding stage of the cylinder and temperatures (240 °C , 240 °C , 200 °C , 200 °C at 
35 four places) in the succeeding stage thereby to obtain pellets. Test pieces were prepared from the pellets and 
were evaluated. The results were as shown in Table 1 . The method of evaluation was as follows: 

1) MFR: Measured in compliance with ASTM D 1238 (at a temperature of 230 °C under a load of 2160 g). 

2) Tensile elongation: In compliance with ASTM D-638. 

3) Initial f lexural modulus of elasticity: In compliance with ASTM D-7g0. 
40 4) Izod impact strength (with notch): In compliance with ASTM D-628. 

(Example 6) 

80 Parts by weight of a homopolypropylene (MFR = 1 0 g/1 0 min.), 5 parts by weight of a propylene/ethylene 
45 copolymer rubber (MFR = 0.5 g/10 min), 15 parts by weight of a talc, 0.08 parts by weight of a 2,5-dimethyl- 
2,5-di(t-buty1 peroxy)hexyne-3, and 0.20 parts by weight of a divinyl benzene were mixed and melt-kneaded 
under the same conditions as in Example 1 to obtain pellets. A test piece was prepared from the pellets and 
was evaluated in the same manner as in Example 1 . The results were as shown in Table 1 . The density of the 
obtained reformed polypropylene resin composition was 1.0 g/cm 3 . 

50 

(Example 7) 

70 Parts by weight of a propylene/ethylene block copolymer (MFR = 55 g/10 min.), 15 parts by weight of 
an ethylene/propylene/diene copolymer rubber (ethylene content = 78 mol%, Mooney viscosity Ml^ + 4 (121 
55 °C ) = 64, iodine value = 7), 0.08 parts by weight of a 2,5-dimethyl-2,5-di(t-butyl peroxy)hexyne-3, and 0.20 
parts by weight of a divinyl benzene were mixed and melt-kneaded under the same conditions as in Example 
1 to obtain pellets. A test piece was prepared from the pellets and was evaluated in the same manner as in 
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Example 1. The results were as shown in Table 1. 



(Example 8) 

The procedure of Example 1 was repeated but using 0.50 parts by weight of a triallyl isocyanurate instead 
of using the divinyl benzene used in Example 1. The results were as shown in Table 1 . 
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It will be understood from Table 1 that the test pieces of Examples all exhibit high tensile elongations, high 
initial f lexural moduli of elasticity and large Izod impact strengths even though the total MFR is from 50 to 100 
g/1 0 mm. It will thus be understood that there are obtained reformed polypropylene resin compositions having 
strikingly improved rigidity without losing tensile elongation or impact strength despite of their high deqree of 
fluidity. * 9 



Claims 
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. A reformed polypropylene resin composition obtainable by heat-treating a blend comprising 

(D) 0.01 to 0.2 parts by weight of an organic peroxide, and 

(E) 0.05 to 1 part by weight of a crosslinking assistant, 
per 1 00 parts by weight of a total of 

(A) 50 to 90 parts by weight of a polypropylene having a melt flow rate of from 10 to 70 q/10 min at 
15 230°C, 

(B) 0 to 25 parts by weight of an olefin copolymer rubber, and 

(C) 5 to 40 parts by weight of an inorganic filler, the reformed polypropylene resin composition exhibiting 
a melt flow rate (X) at 230-C of from 50 to 150 g/10 min., and an Izod impact strength (Y, kg cm/cm) 
that lies within the range 

Y^ -4.7878 log X + 13.8829. 



20 



2. A reformed polypropylene resin composition according to claim 1, wherein the Izod impact strenqth (Y) 
lies between x ' 

YH= -4.7878 log X + 14.3329 

25 and 

Y^ - 4.7878 log X + 16.8829 

• 

3. A reformed polypropylene resin composition according to claim 1 or claim 2, wherein the organic peroxide 
(D) is present in an amount of from 0.02 to 0.1 parts by weight and the crosslinking assistant (E) is present 
in an amount of from 0.1 to 0.6 parts by weight per 100 parts by weight of a total of (A) 60 to 80 parts by 
weight of the polypropylene, (B) 5 to 1 5 parts by weight of the olefin copolymer rubber, and (C) 1 0 to 30 
parts by weight of the inorganic filler. 

. A reformed polypropylene resin composition according to any one of claims 1 to 3, wherein the polypro- 
pylene (A) is a propylene/ethylene block copolymer or a homopolypropylene, the olefin copolymer rubber 
(B) is an ethylene/propylene/diene copolymer rubber or a propylene/ethylene copolymer rubber, the in- 
organic filler (C) is a talc, and the cross-linking agent (E) is a divinyl benzene. 

. A reformed polypropylene resin composition according to any one of claims 1 to 4, wherein the reformed 
polypropylene resin composition has a melt flow rate of from 70 to 120 g/10 min. 

. A method for producing a reformed polypropylene resin composition according to claim 1 wherein the 
method comprises melt-kneading a blend comprising components (A) to (E) as defined in claim 1 in at 
least two stages using a biaxial extruder by maintaining a first temperature of from 120 to 200°C in an 
initial stage and, in a subsequent stage, maintaining a second temperature higher than the first temper- 
ature and in the range of from 180 to 270°C. 
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7. A method according to claim 6, wherein the first temperature is from 140 to 160°C and the second tem- 
perature is from 200 to 260°C. 

50 

8. Use of a composition according to any one of claims 1 to 5 as a mold-stamping material. 

9. Injection-molded articles obtainable by injection-molding the reformed polypropylene resin composition 
of any one of claims 1 to 5. 

55 
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